Summary. ADP-induced platelet aggregation was measured in 15 Type1 (insulin-dependent) diabetic patients, 15 Type2 (non-insulin-dependent) diabetic patients and in 15 non-diabetic control subjects. Simultaneous measurements were made of fasting blood glucose, glycosylated haemoglobin, serum insulin, total plasma cholesterol, cholesterol in the lipoprotein subfractions, total triglycerides and platelet phospholipid fatty acid levels. Regression analysis of aggregation against the biochemical variables within the three groups revealed that there was no significant difference in the associations with aggregation between the groups. When the data was pooled, blood glucose (p < 0.01) and glycosylated haemoglobin (p<0.05) demonstrated significant associations with aggregation. Multiple regression analysis was then applied; only blood glucose (p < 0.05) had an independent effect on aggregation. Platelet aggregation in diabetic patients and nondiabetic patients appears to be related directly only to blood glucose levels.
The factors which determine the degree of platelet aggregation in diabetes mellitus are disputed. Although blood glucose and insulin are considered to be important by some authorities [1] [2] [3] , others have suggested that there is no direct association between aggregation and glycaemia [4] . However, improvement in diabetic control was associated with reduced platelet aggregation in two other studies [5, 6] . Animal work using streptozotocin-induced diabetic rats also suggests a role for glycaemia in altered platelet aggregation [7] .
The discovery of the role of thromboxane in aggregation [8] led to the possibility that it was involved in the increased platelet activity seen in diabetes. Subsequent work demonstrated that thromboxane synthesis by platelets may be increased [9] , and that circulating levels of the thromboxane metabolite (TXB2) are elevated in diabetes [10] . In addition, the platelet levels of the thromboxane precursor arachidonic acid are low in diabetes and the levels correlate inversely with the percentage of glycosylated haemoglobin [11] . Arachidonic acid (C20:4a~6) is partly derived from linoleic acid (C18: 2co6), but competition occurs between this conversion and that of linolenic acid (C18 : 3co3) and eicosapentaenoic acid (C20:5co3) [12] , which utilises the same enzyme system. Eicosapentaenoic acid is subsequently metabolised to an analogue of thromboxane which has a much weaker aggregatory property [13] . It is therefore possible that the aggregatory influence of the vascular prostaglandins is proportional to the relative amounts of thromboxane and analogues of thromboxane derived from the platelet levels of these fatty acids.
We have used mutliple regression analysis to attempt to distinguish the primary influence on platelet aggregation from the secondary effects in diabetic patients and non-diabetic subjects.
Subjects and methods
Adenosine diphosphate (ADP)-induced aggregation was measured simultaneously with fasting blood glucose, glycosylated haemoglobin, serum insulin, plasma lipids and platelet phospholipid fatty acid levels in Type I (insulin-dependent), Type 2 (non-insulin-dependent) diabetic patients and in non-diabetic control subjects to determine which factors predominate in controlling the degree of platelet activity and to examine specifically the role of the platelet o96 and o93 fatty acids.
Fifteen Type 1 diabetic patients, 15 Type 2 diabetic patients and 15 non-diabetic control subjects were studied. The diabetic patients were drawn from the Oxford diabetic clinics. The degree of glycaemic control varied; some of the patients were poorly controlled and were studied during a period of in-patient stabilisation. The control subjects were members of hospital and laboratory staff. All patients and control subjects were male non-smokers who were taking no regular medication. The Type I patients were being treated with insulin in a mean dose of 0.84 U per kilogram body weight. The Type 2 patients were being treated with diet alone. Patient and control subjects had not taken aspirin or any antiinflammatory drugs for 2 weeks prior to the study. The Type 1 patients had a mean age of 44.7 years, the Type 2 patients had a mean age of 49.7 years and the control subjects had a mean age of 48.1 years. The mean duration of diabetes was 24.6 years in the Type 1 patients and 4.7 years in the Type 2 patients. The presence of retinopathy was determined by fundoscopy through dilated pupils. In the Type 1 patients, six had no retinopathy, four had background retinopathy and five had proliferative retinopathy. In the Type 2 patients, none of the patients had evidence of retinopathy. After an overnight fast, blood was taken to measure ADP-induced platelet aggregation, bood glucose, glycosylated haemoglobin (HbAlc), serum insulin (in the Type 2 patients and control subjects only) and platelet phospholipid fatty acid levels.
ADP-induced platelet aggregation was measured by a new modification of the Born method using an aggregometer (Payton, Scarborough, Ontario, Canada). Platelet rich plasma (PRP) was obtained from 30 ml of blood taken into 3 ml of 3.8% sodium tricitrate by differential centrifugation at 700 rpm for 15 min. The PRP was then corrected to 250000 platelets per mm 3 by the addition of platelet poor plasma (PPP) obtained by centrifugation of the remaining blood at 2000 rpm for 20 min. Volumes of 0.01 mmol/1 ADP between 2 Ixl and 10 Ixl were then added to separate cuvettes containing 0.25 ml of corrected platelet plasma to produce a series of aggregation curves. The deflection from the baseline to the maximum response for each aggregation curve was then measured in mm. These values were then divided by the volume in microlitres of ADP added to obtain a value for the deflection (mm) produced by this standard volume of ADP (i. e. I lxl). As each microlitre of 0.01 mmol ADP added is equivalent to a final concentration of 0.004 mmol/1, the final aggregation value is expressed as the mean deflection (mm) produced by 0.004 mmol/1 ADP over a range of ADP concentrations between 0.008 mmol/1 ADP and 0.04 mmol/1 ADP. The value obtained therefore relates to both the first and second phase aggregation in a manner which is dependent on the sensitivity of the platelet to ADP. The more sensitive the platelets, the lower the dose of ADP at which secondary aggregation occurs and therefore the higher the aggregation value. The method appears to be influenced by cyclooxygenase inhibitors and is considered to partly reflect prostaglandin mediated aggregation events [14] . This is not the case with some other methods of calculating the aggregation value (e. g. the EDs0 method for calculating the dose of ADP required D. B. Jones et al.: Platelet aggregation to produce 50% of maximal aggregation) and consequently suggests that other aspects of aggregation are assessed [15] .
Platelet phospholipid fatty acid levels were measured from 30 ml of citrated blood. Following centrifugation at 180 g for 10 min, platelet rich plasma was washed twice in 0.9% saline and recentrifuged at 500 g to produce a platelet pellet. Thin layer chromatography and gas liquid chromatography was carded out as previously described [11] . The percentage of each fatty acid was then obtained from the chromatograph and is presented as a percentage of total fatty acids.
Glucose was measured by a glucose oxidase method on a Unicam AC1 autoanalyser (Pye, London, UK), HbAlc by an isoelectric focussing technique (normal range 6-8% for our laboratory) [16] , insulin by immunodiffusion following charcoal separation [17] , and cholesterol by a Technicon Autoanalyser (Technicon, Basingstoke, UK) using the Liebermann-Burchard reaction and cholesterol in the lipoprotein fractions after precipitation with heparin, manganese chloride and sodium dodecyl sulphate [18, 19] . Serum triglyceride was measured after enzymatic hydrolysis [20] .
Statistical analysis
The significance of differences between the groups was assessed first by a Kruskal-Wallis one-way analysis of variance by ranks. Only if this was statistically significant at the 5% levels were pairs of groups then compared using the Wilcoxon rank sum test, To assess the effect of the biochemical variable on aggregation, each variable was considered separately. The regressions of aggregation on that variable were compared over the three subgroups. As no significant differences between the groups were revealed, the data were then pooled and the significance of the overall relationship between aggregation and that variable was determined. Finally, multiple ,regression was applied considering only those variables which individually had shown a significant association at the 10% level.
Results
The mean and standard deviation of the aggregation values and the biochemical variables are shown in Table 1 . There were no significant differences in aggregation between the three groups. Blood glucose and percentage glycosylated haemoglobin were significantly lower in the non-diabetic patients when compared with both diabetic groups (p < 0.001), but there was no difference between the diabetic groups. There was no significant difference between the non-diabetic group and the Type 2 patients in serum insulin levels. Total cholesterol, HDL cholesterol, LDL cholesterol, VLDL cholesterol and total triglycerides were not significantly different between the three groups. The mean and standard deviation of the individual percentages of the platelet phospholipid fatty acids and their ratios are shown in Table 2 . C18: 2o96 was significantly higher in the Type 1 diabetic group than in the Type 2 diabetic group (p < 0.01). C20: 4o96 was lower in the Type 1 patients than in the non-diabetic patients (p < 0.01) and the Type 2 patients (p < 0.01). There was no significant difference between the non-diabetic patients and the Type 2 patients in percentage of C20: 4o96. The ratio of o96 fatty acids (C18 : 2o96) and C20:4o96) to o93 fatty acids (C18:3o93 and C20:5o93) was significantly higher in the non-diabetic patients than in the Type ! patients (p < 0.001) and the Type 2 patients (p < 0.0001). There was no significant difference in this ratio between the two diabetic groups.
When regression analysis was carried out, there were no significant differences between the three groups in the relationship between aggregation and any of the biochemical variables. When the results were pooled, significant associations were seen only with blood glucose (p<0.01), glycosylated haemoglobin (p < 0.05), total cholesterol (p < 0.1) and LDL cholesterol (p < 0.1) at the 10% significance level. When multiple regression was applied considering only these four variables against aggregation, only blood glucose demonstrated a significant association (p < 0.05) (Fig. 1) .
Discussion
Platelet aggregation in diabetic patients and non-diabetic patients appears to be primarily influenced by blood glucose level. It is therefore unlikely that platelets from diabetic patients are intrinsically different from those of non-diabetic patients; they merely reflect the hyperglycaemic environment. No statistically significant difference emerged in the degree of aggregation between the three groups in this study, although the previously well described trend of increased aggregation in diabetes was present. The explanation for this may lie in down-regulation of the response in the diabetic groups. It should be emphasised that multiple linear regression is a much more powerful statistical test than the Wilcoxon test.
Glucose-mediated changes in platelet behaviour may therefore contribute to the development of vascular damage (which is associated with poor diabetic con- trol) [21, 22] . This supports the view that the platelet abnormality seen in diabetes is secondary to the biochemical changes and not merely a response to vascular damage. These results strengthen the argument that platelets may have a central role in the development of microangiopathy.
The mechanism of the association between glycaemia and platelet aggregation is already well established in platelets from non-diabetic patients. Under conditions of normoglycaemia, glucose is absorbed from plasma and is metabolised to lactate via the Embden-Meyerhof pathway to produce 50% of the platelet energy requirements [23, 24] . It is feasible that under conditions of moderate hyperglycaemia a substrate (i.e. glucose)-stimulated increase in adenine nucleotides synthesis might result in increased aggregability of the platelets with a secondary increase in platelet thromboxane production.
We have recently described an association between the level of arachidonic acid in platelet phospholipid and glycosylated haemoglobin [11] , but in this study this association was not apparent. Similarly there was no association between aggregation and the arachidonic acid level or with any of the platelet phospholipid fatty acids which take part in prostaglandin biosynthesis. The changes in these fatty acids are therefore likely to be secondary. In the Type 1 diabetic patients the changes in linoleic acid and arachidonic acid levels are consistent with impairment of the desaturase pathway which normally converts linoleic to arachidonic acid [25] . Increased thromboxane synthesis would also contribute to a lowering of arachidonic acid levels.
In other studies [26] we have observed an influence of the o93 fatty acids on ADP-induced aggregation in Type 2 diabetic patients during a period of improving diabetic control. This paper suggests that this may not be the principal influence. Many factors are likely to affect the degree of aggregation in diabetic patients. The results of this study suggest that blood glucose level is the primary determinant.
